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A Microcomputer based system has been designed and 

implemented for fa^ and accurate measurement and rQeo4Pding of 

I-V characteristics gf semiconductor devices. The System will 

find application in. e process monitoring section of any device 
* 

manufacturing organization. 

The system is designed to work in conjiinction with Intel 
8085/A based workstations or 8085/A microprocessor Kits, The 
system is modular in the sense that it is built from three 
independent functional modules namely, driver, sensor and the 
memory block. And, it can be interfaced with any 8 bit micro- 
computer with suitable interfacing circuitry. The system is 
made powerful and userfriendly. The device type, current and 
voltage ranges are selected through Keyboard -Video terminal 
interface. The executicn of the process is fully under the 
control of the user through the Keyboard, The results are 
displayed on the screen and are stored in the memory. The V-l 
characteristics are simultaneously plotted with the help of 
a JC-Y recorder interface. 

The system has been successfully tested for PN Junction 
diodes like LSDs, Solar cells, Zeners and three terminal 
devices such as SCR, BJT etc, and their characteristic curves 


are obtained 



The V-l characteristics of solar cells are obtained 


under different illuminations and the parameters namely, op ea 
circuit voltage, short circuit current, maximum power, fill- 
factor, voltage, current, efficiency and maximum power 

are obtained for different illumination intensities. These 
values are stored, in memory and displayed on the screen. 

The tests have yielded good accuracy over the entire 
range and it can be inp roved further by going in for DA.Cs and 
ADCs of higher resolution, 

A prcposal has been made for setting up of a computer- 
aided device "testing facility. 
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CHAPT3R 1 


INTRODUCTION 


1,1 INTRODUCTION 

The advent computers has rawodufcionised the 
field ef industrial <»ntrol> instjpumajatation and system 
design. The mini and micro cortputers have become ixtfsypflasiye 
enough to bring the power of digital computing to the fields 
where it had not been possible previously. 

The microcomputers have especially found many appli- 
cations in dedicated systems. The power of Instrumentation 
System has been enhanced and its stability improved to a great 
degree. Also< the system has been rendered more flexible 
th^ ever before. Several layers of software reside in the 
memory, of the conputer# the lower ones nearer to the machine 
and the rjpper ones more easily accessible to the human opera- 
tor. Several tasks previously handled by hardware are more 
elegantly accomplished by the resident software, automated 
measurement and recording being a good example. 

The work presented in this thesis was taken up as 
a first st®P towards setting up a computer-aided semiconductor 
device testing facility. This system will be very useful 
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for the semiconductor device manufacturing organizations 
where it can be utilized for quick checking of the device 
characteristics and an extended use may be made for device 
process monitoring. Besides this» the system also serves as 
a forerunner to setting-up of a Master Control facility in 
an Electric Power System where the main task of running the 
system^ consists of monitoring the voltages and currents. 

It is hoped that in a few years time the goal will 
be achieved with the advent of more powerful and versatile 
microconputar systems, ■ It is also envisaged that with the 
advancement of technology we will be able to use higher 
level languages on the microcomputer, which are used very 
sparingly on them at present. With this the power of the 
system will be enhanced considerably. And, with the help of 
additional hardware and software the system may be made capable 
of extracting device parameters for CAD simulation packages, 

X.2 ORGANIZATION OF THESIS 

In chapter 2, the various conponents of a micro- 
computer based data acquisition system are discussed. Working 
principles of DACs, ADCs, S/H circuits etc.,, are outlined. 

The microprocessor work station is descJribed with the help of 
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schematics. The partictilar corponents selected are also 
described along with sane application notes. 

In chapter 3, the functional modules meJcing vp the 
system are described. Finally* in this chapter the overall 
system is Examined, 

In chapter 4, various tests and reailts of solar cell 
characterisation* LSD/Dio de/Zener, SCR testing etc.* are 
esqplained. 

In the concluding chapter 5* the present system is 
critically examined and suggestions for further irnproMttBenta 
are made, A conputer»aided device testing facility is pro- 
posed for further investigation. 



CHAPTilR 2 


COMPOHSKTS OF DATA ACQUIS IT ICN SYSTjlMg 

2,1 INTRODUCTION 

This chapter deals with the vario*as coopo* 
nents of the data acquisiton system. The important conponents 
are the data converting devices and peripheral interfacing 
circuits, which serve to establish an interaction between the 
digital domain of the conputer and the analog world. 

There is a wide variety of microcoxtputers and data 
converters to choose from, so as to suit our req\iiremefits. 

The selected conponents are briefly described in the following 
pages. Here we must not fail to recognize that in some cases 
the availability of conponents plays more vital role than 
its conplete suitability in the selection of conponents, 

2^2 DIGITAL TO ANALOG CONVSRTSRS 

The basic equation governing the D/A converters 
can be written asy»:KxAxB 

y = analog output voltage or current 

K = constant (generally unity) 

A ss analog reference voltage or current 

B = applied binary word (n bits). 


5 . 


Fig, 2,1 shows the basic block diagram of a DAC system, A 
precision D.C, reference power supply forms the analog 
reference so\irce. This should be capable of producing a 
precise voltage or current reference. There are basically 
two variations in this unit. In some cases it may be packaged 
inside the DAC package or in other cases it may be external 
to the DAC* The DACs using external reference are termed 
multiplying EtACs, ’ In some DACs both options are provided. 

The second block is the current output resistor ladder 
circuit , The two types of networks employed are Binary 
weighted resistor type and R-2R type. The DAC resistor ladder 
takes the binary input word/ and gives a current output pro- 
portional to it and the reference signal. The schematic 
diagrams of weighted register and the R-2R are shown in 
Figs, 2.2 and 2.3, and are self-explanatory. 

The binary weighted resistor becomes unsuitable if 
the bit length is large, because the currents due to least 
significant bit becomes very low and it is difficult to find 
an opanp to handle such low cxirrents. Further, the range of 
resistor values becomes very large and .unsuitable. The 
solution to this is the R-2R ladder, for which only two values 
of resistors need be used. 



s 



bvb Wna'Qj Word 3 (_input} 


Fig 2.1 Basic DAC syst^ni 



Fiq2.2 Qinary weighted r<»sister ladder DAC 




it 1 r 


R-2R ladi<ler DAC circuit 

OL- = 1 OY- O 
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2,2,1 Some Important Definitions 

(a) Resolution : It is the smallest change in voltage (or 

current) output that may be pioduced and is the change 
that is caused by the LSB, It is given by Vpg/2^# vhere 
V = full scale voltage, n == no, of bits, 

XO 

(b) Offset Voltage : It is the output voltage of the conver- 
ter when the digital input is equal to zero, 

Differential Linearity Error : When the binary input 
changes by one bit, the output voltage should change by 
t>ne LSB-change* , The converter's DLil is the magnitude of 
the maximum difference between each output step of the 
converter and the ideal step size of one LSB, 

{<d) Integral Linearity Brror (linearity error) : This is the 
sum of the differential lihaarity errors for inputs tjp 
through the given input, 

(e) Monotonicity s As the input code to a DAC is increased the 
out^iut should increase and then the DAC is said to exhibit 
monotonicity. This is an important property of any DAC. 

In a noi* monotonic DAC, tha output may decrease say from 
3/16 to 1/8 as the input changes from 001 to OlO, and 
in a control system this behavior represents an unwarranted 
phase shift of 180°, leading to instability. 
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(f) Absolute Accuracy : (iaaocvur^Cy ) is the worst-«ca5e 
difference between actual converter output and ideal con- 
verter output, 

(g) Relative accuracy J ( inaccuracy) is the worst— case 
difference between actual converter output and ideal con- 
verter output after gain and offset errors have been 
removed. 

(h) Glitch s Vflien binary input changes, it establishes minor 
and major transiticns. The most major transition is at 
the half scale (e.g, for 4 bit code the change Olll-lOOO). 
It may so happen (generally) that the switches act faster 
on a on-off transition than on an off-on transition and 
for a short time the DAC will have a zero output - 

(0111 - 0000 - 1000) and then the MSB is made 1, This 
large transient spilie is called glitch. This is depaident 
on the logic delays of the circuitry, 

(i) Settling time : This is the time ta>asn for the DAC output- 
to settle down to the voltage corresponding to the input 
code after the change (\rBually to a val'^e within an equi- 
valent of + ^ LSB) , 
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2.2.2 08 BC/080Q PAG , 

It is an 8-bit, cvirrent output, multiplying DAC, 

It contains R-2r ladder, electronic switches^ 

Current source and a. reference an^jlif ier. 

The interrfal block diagram and the pinouts are 

and 2,6, . 

shovna in Fig»,2,5 / The two current outputs are I and I , 

• ' o o 

I^ will rise from zero to full scale when input indr3a5as 
from 00 to PF and 1^ will drop from full scale to zero as 
the input changes from 00 to PF • 

Features 

85 nSec Settling time 
-10 to + 18V compliance 
+ 4,5 to + 18 V Supply 
1 or 2 quadrant multiplication 
Low Cost,. 

V 

“ HI ^ref • ^ref = (recommended) ) 

rex 

For unipolar, operation connect a 5 K (max) load resistor between 
4 to ground and connect 2 to ground (refer to Fig, 2,6). 



4 Ve£ 


Fig 2-5 Internal btock<iiagram of DAC-09 



Fig 2-6 Circuit conf iguraHon for unipolar operation 









12 


2.2.3 Recen'b DAC Implemaata-tions 

Recently the DACs have been built with the use of 
matched capacitors to realize the fi-.2c ladder and the weighted 
capacitor ladder. These are direct analogs of the resistor 
ladders. They are conposed of MOS capacitors and switches and 
hence little current is drawn^ and their power requirement is 
very low* Oenerally they are implemented on a chip along with 
other circuits <e,g, single chip jjL c) • 

2.2.4 DAC Coding 

For xinipolar operation straight binary or BOD can 
be used. For bipolar operation offset binary coding is used 
generally, 

I I 

1 s and 2 s conplement coding can also, be used, 

2.2.5 Microprocessor I nter facing Co nsidera tions 

Some DA.Cs do not latch the input data and therefore 
require some external latches or PPI to hold the data constant 
over the required time interval. 

An 8 bit converter can be interfaced with an 8 bit 
microcomputer easily# but if the number of bit« is more than 8, 
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the data has to be property • latched with the help of inter- 
connected latches or ports (of PPI) • However, all the bits 
have to be latched simultaneously by using doijble buffering. 

In our implementation the three 8-bit DACs are interfaced to 
the microconputer through the 3 ports of PPI ( 8255A) ^ 

The ports of the PPI are programmed in Mode 0 - output 
’mode. These ports are addressed as l/O ports in l/O mapped l/O, 

2,3 ANALOG TO DIGITAL CONVflRT.aR 

We need to convert an anolog signal to a binary word 
before it can be given to a corrputer. The A/D converter takes 
an unknown analog signal (generally volt?‘ge)and gives an n-bit 
binary word representing the ratio of input voltage to the full 
scale voltage of the converter. 

If V„ is the full scale value for an n-bit converter 

J?0 

than the voltage step required to produce one LSB change is 
given by ideally. An n-bit converter can recognise 2^ 

steps from 0 to full scale input. 

We encounter an unavoidable quantization error in 
ADCs because the output remains constant over cn input range 
equal to one LSB (equivalent) , That is fo r a given ouiput 
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code the input can be anywhere within a one USB quantizaticn 
intervaX* 

The ADCs have the iLinaarity errors# and intgl.) 

gain error, offset besides the quantization error. In addition,' 
it niay have missing codes, when the output never takes some 
of the codes at all (e.g, the output may juirp from lOl to 111 
and the code llO is never attained) , 

The following chart gives various types of converters 
and their ircportant characteristics. Their working principles 
are ejiplained later. 

Converter Conversion Rate "Cost/com- Comments 

type at 12 bit reso- plexity 

lution 


1 , Counter 
Ranp type 

Low,upto lOOO/sec. 

LOW 


^ -Single 
;,iiafis3tope 

Low,upto lOOO/sec 

LOW 

Low speed at 12 bit 
lacks long term stabi- 
lity, Gonversicn time# 
variable. 

3, Dual 
slope 

L,ow,upto lOOO/sec 

Medium 

Integrates input signal » 
can be used at high 
resolution- (20b) conver- 
sion time-variable. 

4, Successive 
Approxi- 
mation 

Medium to high, 
up to lo6/sec 

Medium 

lOQOO cps; upto 14-1^, 
needs stable inputi 
conversion time fixed. 

5 Flash 

(parallel) 

Faste St 

106 to 10®/sec 

High 

Conversion time fixed. 
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2.3.1 Count-er-Comparator Type ADC Circuits 

The principle of working of the ADC can be easily 

w 

understood with the help of the diagramsin Figs, 2,7 and „2»8, 

It uses a n-bit DAC whose input is an n-bit binary 
(BCD) word from a counter. 

The input voltage (under measurement) and the DtAC 
output form the two inputs to the corrpara tor. With the input 
held constant, the counter is initiated and when the DAC 
output Vq just exceeds the input voltage the conparator 
gives a pulse which is used to inhibit the counting. The 
count registered in the counter corre^onds to the binary oui:put 
word of ADC, 

Limitations- i For longer bit lengths, 2 may be too long and 
hence may slow down the conversion. Comparator settling time 
may cause some delay and introduce errors. 

Advantage - Sinple to inp lament, 

2.3.2 Successive Approximation ADC Circuits 

This is based on an intuitive technique th:^ most 
nearly resembles the way we measure weights by trial and error. 
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The tree diagram and the schematic block diagram 

illustrate the process more cl^rly (Figs, 2,9^ 2,10), In 

the first step (say 3 bit converter) the input is coirpared 

1 

with a DAC output at ^ scale (100 input if ^DAC 

DAC output is increased to ^ scale (by changing DAC input to 
110) and the process is continued till the end. If ^t>ac 

tOj_ 

the DAC output is reduced/^ scale and the process is continued. 
That Is, at each step the next MSB is evaluated till the LSB, 
(See the tree diagram) • 

2,3,3 Parallel or Flash ADC Circuit 

It consists of a stack of 2^-1 voltage coirp arators . 
One input of each ccmparator is the voltage and the 

other is a referen-os voltage whose Level is different for 
different comparators , These reference voltage levels are 
obtained from a simple resistor potential divider and a voltage 
reference. From Fig, 2,11> it is clear that the comparator 
output goes high when the input voltage is higher than the 
respective reference voltage. These comparator output levels 
are decoded to get the output binary word. 

Salient Features 

Very fast cn<i the output is almo St instantaneously 


obtained 



\^ooo 


Fig 2-9 Successive approxination technique 



Fjg 210 5*A A DC circuit block diagrim 
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The number of corrpa rate rs becomes large with increase 
in n\airiber of bits (2^-1), and the decoder becomes corrplex. 

The number of bits cannot be increased indefinitelyit 
because the LSB equivalent voltage will be too small for tJie 
real voltage conparators. 

The circuit schematic and the decoding table are 
given in Fig, 2,11. 

2,3,4 Integration ADC Circuits 

Here the analog input voltage and the reference vol- 
tage or the input voltage alone is integrated using an analog 
Integrator to get ranp signals. The operations are explained 
with the help of Fig, 2,12 and 2,13, 

The Dual Slope type is explained in the following 
few lines. Here the input is integrated over a constant, period 
of time corre^onding to 2^ counts of a n-bit counter, Thein 
the charge on the integrator is discharged at a constant 
rate proportional to when it is fully discharged the 

count registered in the counter gives the output binary word. 

The block schematic and the timing diagrams are 
shown in Figa, 2,12 and 2,13, 




Decoclc'V' L09IC • 


Input 

Ca d« 

Oat|>ab 1 

0 - 

4 

o 1 

0 

0 1 0 

0 

V<-.+ 
T* i 

1 

0 

0 



0 

a 

2. ^ f 

1 

a. 

0 

1 

0 

>Vv*ij- V 4 . 
4 

-. J 

li 

1 

1 

1 

1 



1 


Fie Flash or paratlet type AOC circuit 
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2,3*5 BK 12B Integration Type ApC 

EK 12B is an in-tegrating type 12 bit a/d converter. 

It uses CMOS technology and is fabricated on a single monoli*- 
thic chip^ The schematic diagram and the associated external 
circuitry aore shown in Figs, 2,14 and 2,15, 

The working principle of an integration type A/D 
convertor is ejqjlained with the help of schematic diagram and 
timing diagram in preceeding article, 

Features 
Monolithic CMOS 

Binary Coding - straight and offset option for unipolar and 

bipolar mode respectively 
20 mW power consiomption 
12 bit accuracy 
No missing code 
Low cost 

Conversion - time 1,8 to 24 millisec. 

The analog input voltage range is programmable by means of exter^ 
nal resistor by setting the current. 

Standard operation is unipolar^ but bipolar operation is possible 
by using external opairp to provide offset current from the 


reference 
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Power requirement is + 5V D,C. at 2 mA. giving a power consunp- 
tion of 20 mW* The units come in 24 pin DIP^ 

More detailed information on this chip is available in many 
Da tel Data acquisition system handbooks, 

2,4 SAMPLE AND HOLD AMPLIFIERS 

It is found that some ADC circuits such as successive 
approximation and integration type require that the input 
voltage be held constant during the conversion cycle, A Sanple 
and Hold precisely does this hy capturing the input signal at the 
instant the comnand signal is applied and by holding it cons- 
tant over a time interval that is sufficient for conversion. 

The basic circxait and principle of wil^rlcing axe made 
clear with the aid of Figs, 2,i6a and 2,16b. 

The choice of hold cape citor (C^) is critical. If 
is large then switching errors is minimised but the perfor- 
mance is affected, Gharge-up time depends on the time constant 
being the source resistance. And, if is large the 
charge up time will be long. 
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An iirportant specification of any s/H circuit is the 
droop— rate e:q>ressed as Volts/Sec, This is the loss of charge 
that the suffers during the hold interval. 


The acquisition time is the time required for 
the output to become equal to its Input. 


The aperture time T^ - is the small amount Of time 
required for the circuit to switch to hold mode. A ^bod S/H 
should have T^ not exceeding. 50 ns. 

Typical S/H errors and delays 


T 

AC 

10 fls 

T 

AP 

loo ns 

OFFSET 

5 mV 

GAIN ERROR 

0,05% 

DROOP R.ATE 

50 )JlV/inS 


2,4,1 LM 398 S/H Amplifier (National Semiconductor) 

(SHM LM2 - DATSh-INTERSIL) 

It is a low cost monolithic sanple and hold circuit. Its 
salient features are high dc accuracy, fast acquisition, low 
droop rate. It operates as unity gain follow ef. 
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•FSATURBS 

Acquisition time = 6 jusc 

1 6 

Input impedance = 10 ohms 

Drooprate 5mV/min with 1 isF hold capacitor, 

180 mV/min with 0,1 UiF hold capacitor. 

Supply + 5V to + 18 V d.c, 

TTL, CMOS compatible 
gain error 0,002?4 
wide bandwidth 

* 0 , 0l f 

Hold capacitor - must be preferably polystyrene or polypropylene. 
Mica -capacitors should not be used. 

The functional block diagram and the associated 
circuitiry for the operation are shown in Pigs, 2,16. and 2,16a, 

2.5 ANALOG MJX CIRCUIT 

It is generally uneconomical to go for a separate 
ADC/ a seperate ouiiput device etc., for each channel in a data 
acquisition system and instead, we go for a multiplexed system. 

An analog multiplexer is an electronic switching 
system that will connect one of the several channels to a 
single device at any particular instant. The channels are 


= lOK, Logic reierence u - 


^ ,3 V , 
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selected by iirpressing the desired channel -select binary word 
to the multiplexer. 

In general it is found economical to place the 
mxil tip lexer before the s/H-A^C circuits. The multiplexer 
connects one input channel at a time to the SA^ and the ADC 
then processes the held-data. This scheme avoids the use of 
separate S/H artplifier for each channel. 

In our application however, wa have multiplexed the 
output of S/H anplifiers. The output of the MUX feeds the ADC, 
This is necessary because the data here is an ‘one-time affair', 
so as to say the signals from the channels need be measured at 
the same instant, 

2,6 PRQGRAMMABLS TIMBR (8253) 

Intel 8253 is a programmable counter or timer cap^le 
of operating in 6 modes, the modes of operation being software 
programmable. It does not require any c4d\er external hardware 
for its working. 

It is organized into 3 independent 8/16 bit coion- 
ters with a max count rate of 2 MHz, There is one control 
register (8 bit) and one status register, which are used to 
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program the counter and read the status of the oparaticn. 
respectively. 

The counters (chip) can be addressed as I/O or memory* 

In our case its covinters and the control/ status registers are 
addressed as l/O ports. The clock to the counters is derived 
from the system clock# after being divided by 2 using a JK, 

The gate serves as a trigger to the counter and is used a 
as shown in figures The modes are explained with the help of 
timing diagrams (see Appendix) , 

8253 Control Word 



SCI SCO RLl RLO M2 Ml MO BC' 


SC - Select C ounter 


SCC SCO 

0 0 

0 1 


1 0 


Select counter 0 
Select counter 1 
select counter 2 
illegal 


1 


1 
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RL - Read/lioad 

RLO 

0 RSAD/WRITE 

1 Read/Load LSByte only 

0 Read/ljoad KSByte only 

1 Read/Boad ' LSByte and HSSyte 

M «r Mode 

M2 Ml MO 

00 0 Mode 0 - Interrupt on terminal count 

0 0 1 Mode 1 Programmable one shot 

XI 0 Mode 2 - Rate generator 

XI 1 Mode 3 - Square Wave generator 

10 0 Mode 4 - Software triggered strobe 

10 1 Mode 5 - Hardware triggered strobe 

BCD - Kf - NO BCD 

1 - BCD 

2.7 PROGRAMM^LE PERIPHERAL INTERFACE (8255A) 

It is a general purpose programmable l/O device 
designed for txse with in tel microcomputers* It is a 40 pin 


RLl 

0 

0 

1 

1 


Dual in line package 
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It provides upto three 8 bit bidirectional I/O ports 
A,B,C and functions in 3 modes of operation. 

Pert A and the upper portion of port C form group 
A. The port B and the lower portion of port C form the B group. 
The functional configurations of 8255A is programnSed by user's 
software. Mode is selected by writing the control word in the 
control register. 

The 8255 A’s registers (ports) and the control word 
are addressed either as l/O or memory depending on the choice. 
In our iirplemantaticn , 8255A ports are addressed as l/O ports. 

The chip select signal is gonerated with the help of a decoder 
using lO/M ard. a few address bits. The A^ and Aa qualify the 
addresses of individual ports, 

A detailed information »jn 8255A is given in the 

App endix. 

In our implementation the 8255s are used in mode^O 
(Sirrple output/input). It does not eirploy any handshaking in 
this mode. The mode word is first written into the 8255A con- 
trol register. The data is either read from and written. into 
the port depending on whether it is an input or output port 
re sp active ly , 
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8255A (1) i# used in mode-0 output* The ports A./ a and 

C serve to interface the three 8 bit DACs, it ic mentioned 

already that the DAC 08 does not have internal latohfes «n2l he&ce 

the data has to be maintained by external latches and hence 

8255 ports are used. Whenever the port addresses 

are chosen in a microcoirputer based system care should be 

exercised so as not to clash with the existing port addresses. 

The addresses 

/used are 70(A), 71(B), 72(C) and 73 for the control word* 

8255 (2) is used partly in mode-0 output and partly in mode-0 
input. Part A Mid Port C operate in input mode, interfacing 
the 12 bit ADC to the microcomputer (higher order 4 bits of 
Port A are 'dont care* bits). Port B operates in output mode, 
and is used for selecting the channels of the multiplexer, 

2,8 SEMICONDUCTOR MStMORIBS 

The memory of a micro corrputar system cajt be di- 
vided into two types namely. Data memory and program manory. 

The program memory contains the programs, look— up 
tables (if any) etc, which in general are to be stored permanently 
and hence is worth storing on a non volatile or peirmanent 


memory 
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The data memory generally consists of the test data 
acquired. upon execution of some programs on the system* These 
data may be ou1q>ut through sane interface to the outside world* 
They may be printed out or di flayed on CRO as is needed. 

These information need only be stored temporarily on the system 
memory and hence ate stored in RAM, 

There are basically 3 types of non-volatile seraicon- 

and 2 

ductor memories namely, ROM # EPROM / 3 PROM, ROMs are programmed 
by the manufacturer and are not reprogrammable. In a system 
which is flexible and the changes are to be made more than once 
the ROMs are not the choice, 

2 

EPROM and S PROMs are extremely useful permanent- 

storage memories in a system such as ours* They are electri— 

2 

cally programmable, SPROM is U,V, erasable and E PROM is 
electrically erasable, 

EPROMs eit^jloy floating gate MOS technology. At normal 

operating voltages the gate is entirely isolated from the rest 

a 

of the circuitry. By applying/high enough voltage between the 
source and the drain, a negative charge can be established at 
the gate, thereby putting the transistor in the conducting state. 
For erasing# the chip is exposed to UV light which drains this 
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negative charge and thereby erasing the memory. On conplete 
erasure the whole unit is filled v/ith l*s i.e, FFs, 

Before reprogramming/ it is in most cases advisible 
to erase the whole memory/ even though It can be selectively 
progranmad or over-written, (it must be recognised that white 
selectively programming/ aoaly those bits which are high can be 
made low and not vice versa). 

The description of 2732A is given briefly and the 
detailed information is presented in the Appendix, 

2.8.1 Intel 2732 a 

2732A is 4K byte# ultraviolet erasable and electri- 
cally programmable read only memory. It comes in a 24 pin DIP, 

Its access time is 250 ns and is conpattible with high 
perfonmnce microprocessors/ such as the 8mHz-8086 and allows 
the microprocessor to operate without wait states. 

The ^ (output enable) control eliminates bus con- 
tention in multiple bus microprocasscr systems. The 2732A has 
a standby mode which reduces the power dissipation* without 
increasing access time. The maximum active current is 150 mA/ 
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while maximum stancSby current is only 35 nA, The standby mode 
is achieved by applying a TTL high signal to ^ output, 

273 2A is fabricated with high speed n-Ch MOS silicon 
gate technology, 

2.9 MICROPROCESSOR 

The design of digital system using microprocessor 
requires a different perspective from that using conventional 
digital logic. In the case of microprocessor based systems 
the hardware and software requirements are strongly related. 
Tasks are either performed in hardware or software and the 
decision is based on the trade-offs. The resulting systems 
performance depends greatly on the choice of hardware and • 
software combination. 

The system design with microcoirputer involves the 
following basic stages, 

1 , Problem definition , 

2, Evaluation of trade-offs# 

3, Design of hardware and software# 

4, Bread boarding of a prototype# 

5, Testing of prototype, 

6, Final modifications. 
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It is very irnportant that the problem on hand he 
defined clearly by listing the requirements and then by arriving 
at a logical sequence of operations to be performed. Once the 
problem is defined in clear terms the characteristics of peri- 
pheral devices that link the microcomputer to the real world 
are defined, they are mainly the functional and timing relations. 
The amount of data handled is also estimated to decide the 
memory requirements. 

After successfully conpleting the steps described 
above, we may proceed to evaluate the ex^iediency of a micro - 
computer for our application. The following factors are of 
irtportance in evaluating its suitability, namely 

1, word length (data) 

2, Address length (size of the memory) 

3, Numeric and logic capability (instruction set) 

4, Interface requirements and existing support 
facility 

5, Interrupt capability 

6, DMA capability 

7, Power and clock requirement 


8 . 


Cost 


• • • 


etc 
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The 8 bit microcorrputers are found to be highly 
suitable for instrumentation and process control applications. 
Very rarely one goes for 16 bit ir higher -bit microcomputers for 
such applications. The 8 bit microcomputers generally have 
16 bit address which give them capability to have a maximum 
of 64K memory, A number of popular 8 bit microcomputers are 
on the market today , The manufacturers also provide a rich 
band of support devices to help designing the systems. 

Among the popular 8 bit microprocessors are Intel *s 
8085 /a, Motorola's M6800, Zilog Go's Z80, y.airchild ‘ s F8^ NS's 
SC/MP etc. 


Our choice of Intel 8085A is based on the following 
main considerations. The Intel microprocessor is supported 
with excellent hardware and software support facility and a 
rich documentation which is not found in the others listed 
above. Further the processor and the support facility are 
readily available at an economically feasible price, 

2.10 MICR0PR0C3SS0R WORKSTATION (8085/A) 

A powerful and versatile 8085/A-based workstation 
has been developed at IITK Department and it was an obvious 
and judicious choice. Its salient features (Ref: Information 



38 


book-let prepared by jSS d^artment) are described in the 
following few pages. 

The 8085A based workstation essentially consists of 
an 8085A based microprocessor kit with various interfaces for 
digital as well as analog input/output and a Video terminal- 
Keyboard interface for user interaction. 

The system has two 8085A microprocessors # one of them 
is conpletely dedicated to handle the keybsraxdi— video terminal 
interface and for di^laying the information on the screen. 

This display processor has its own 2K byte RAM for storing the 
characters constituting a '24 (rows) x 80 (characters)* page 
displayed on the screen. The processor reads the characters 
from the Keyboard/ sends th^ serially to the main 8085A 
through a RS232C link and displays the characters received from 
the main processor via the same serial link. 

The main processor has associated with it a 16 • K bytes 
EPROM (4x2732a) containing the Monitor^ Editor,- Assembler and 
the system routines. These EPROMS occupy the address space 
0000-3FEF (Hex) in the memory map. The system has 8K bytes RAM 
(16x2114) occupying the address space 4000-5PFF, Addresses from 
5800-5PFF are used for the stack and the scratch pad requirements 
of the system routines, and as such the addresses frc*n 4000 to 
57 FF(He 3 c) are available to the users. 
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All the relevent pins of the microprocessor including 
the data bus and the demultiplexed address bus> have been 
buffered out at a 44 pin edge connector. Also brought out are 
the pins from an analog/digital input/output card (which has 
d/a, A/d conveirters, serial communication interface and PPIs) 
on the second 44 pin edge connector. 

This workstation is develop ad to aid the user in 
developing software and hardware involved in a Microprocessor 
based system. 

The Sditor and the Assembler help the user to develop 
his assembly language software on the system* Also available 
is the SPROM programming facility to help the user store his 
debugged programme in 3PR0MS, The various assembler system 
routines that the system supports are e^^lained in the chapter 
on software organisation. 

The Pig, 2,17 shows the block schematic of the 
workstation, A small booklet is brought out by the EE Department' 
to help in using the system. 
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FUNCTIONMi MQDU LiBS A ND S0P TWA R3 ORGA iJ IZATION 

3.1 INTRODUCTION 

This chapter deals vith the various functional ■ 
modules that make up our system. The basic blocks that are 
required to build these modules have already been discussed in 
detail in chapter 2, 

These modules are designed in such a v/ay that they 
can be interfaced with any 8 bit microcomputer. They require 
a ± 12V d.c, dual power supply for their working^Wa firstly 
look at them individually/ and/ finally as an integrated unit, 

3.2 DRIVER CIRCUIT 

The PPI, d/a Converters/ the summing anplifier/ 
the current boosters constitute the 2 -channel driver circuit. 

The schematic diagram of the circuit is shown in Pig, 3*1, 

The PPI ports A, B and C act. as data latches for the 
inputs of DACs, The data is held constant till a new data is 
latched or until the control word is rewritten, in the later 
case the ports are all reset to 00, The ports and the control 
registers of the PPI are addressed as l/O ports in l/O mapped l/o. 
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They Are programmed as output ports (Mode 0). 

The DACs and their associated circuitry are dealt with 
in detail in chapter 2. 

The outputs of the DACs are buffered by mean# of 
opanp voltage followers. 

The output of DAC(2) is divided by ‘10* and is 
summed with that of DAC(l) using a summing anplifiar. This 
coinbination constitutes the channel 1 and the DAC(3) drives the 
channel - 2 , 

The combination of DAC(l) and DAC(2) gives us two 
ranges of control over the output of channel 1/ the main channel. 
The DAC(2) gives us a fine variation and the DAC(l) a coarse 
variation. This facility is extremely useful because the PN 
junction (non linear) devices have a highly sensitive region and 
a less sensitive region in their characteristics. (the ratio 
of change in current/^ange in voltage is a measure of sensi- 
tivity), The Variation or the step length is selected by the 
software upon sensing the sensitivity of the region, 

These DACs cannot drive more than 15-25 mA and hence 
these should be buffered further. The buffer circuit enployed 
is a unity gain current booster which uses an opairp and a push- 
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pull anplifier. The push-pull stage employs a matched pair 
power transistors, and it can provide up to a maximum of 3 Amps 
drive in either directions. 

The channel 1 drives the anode circuit of the semi- 
conductor device and the channel 2 drives the control terminal, 
if present in the device. 

The overall response of the driver circuit with re- 
gards to speed and offset has been quite satisfactory over the 
working range. It may however be noted that since we are making 
the measurements of only the final output of the driver circuit 
the offset of individual stages are not going to introduce 
errors. 


Additional heat sinks may be provided for the power 
transistors if the current range is to exceed more than 1 Amp , 
Each stage is provided with offset nulling circuitry. 

3 . 3 SENSOR CIRCUIT 

The current to voltage converter, the S/H anplifiers, 
multiplexer, the ADC .and the PPI form the multichannel sensor 
circuit. 


The anode voltage, the control terminal voltage and 
the plate current are measured by the sensor circuit. Generally 
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■fche multichannal itieasuring circuits use a single ADC and a 
single S/H and the input to the S/H is the out^jut of a MUX, 

But in our application a separate S/H for current and voltage 
are used and both these signals are sanpl al simultaneously. 

The outputs of the 'Sample and Holds' are multiplexed before 
being fed to the ADC, 

The current-to-voltage converter has external gain 
settings for different type of devices* The software selects 
the appropriate range (gain) once the device code is entered, 

A switch is also operated to select the driving voltage in case 
of solar cell/solar module. 

The S/H amplifiers are necessary because the ADC 

requires that its input voltage be held constant during the 

more 

conversion intervals. For better results^/ samples may be taken 
and averaged. 

The ADC used is e:<plained in detail in chapter 2. 

The ADC is operated in mipol ar mode. 

The control word for the MUX is loaded through 
port B of PPI(2), 

The 'SAMPLiS* pulse and ' START -.CONVERT * pul® are 
issued by a programmable counter 825 3A, operating in mode 0,# 
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Fig 3-2 Multichannel sensor circuit 
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with its gates pulled high* The width of these pulses is 
programmable. 

The Data-Valid pulse of the ADC is usd to latch the 
data of the ADC to a sat of DPFs, which are later read by the 
microcomputer on polling the ‘c'nd of conversion' output. 

The timing diagram and the circuit diagram for the 
sensor circuit a-re shown in Figs, 3,3 and 3,2. 


3,4 MCMORY BLOCK 

The memory block in the system has an EPROM capacity 
of 8K bytes (2x2732A) , 

It has been already explained that 8085/A has 16 

1 6 

address lines and hence can address 2 or 64 K bytes of memory 
(IK = 1024), The workstation's memory extends from 0000-6000 
(Hex) conprising of EPROMS (16 K i,e 4 x 2732 /a) and 'RAM 
(8 K, 16 X 2114), And, hence these locations (addresses) cannot 
be used by tcs. The user is allowed to use the memory locations 
0000 (Hex) onwards for his EPROMS, Our 8K bytes start from 
memory locations BOOO/spamvijag the width SOOO-FFFF, 

As already e:q)lain9d our system makes use of the RAM 
for data storage and manupulation. 
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Many of the system routines explained later are 
also used in the development of our software, 

3,5 PLQTTaR INTSRFACS 

The power/^ai instrumentation system or that of a 

testing facility lies in its ability to gamer the data and to 

display it meaningfully. Some times it may be required that 

these results are recorded permanently for further study. The 

X-Y plotter is one such very' pop'ul.ar equipment used to record 

the data in the foirrn of characteristic plots. Many mportant 

the 

inferences can be drawn fcom these plots on/nature of the 
behaviour of the device or system by looking at them and hence 
these records serve as extremely valuable information. 

The X-Y plotter in our application is used to obtain:: 
the I~V characteristics. We enploy on line recording. The 
characteristics are simtlltaneously plotted as the process of 
testing goes along. The X and Y inputs are taken from the outputs 
of S/H amplifiers directly and hence ho additional interface 
circuitry is required. 

If a separate interfacing circuitry, very similar 
to our drive circuit is enployecU wa can obtain the plots 
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after tha necessary data is acquired- It shoiald be kept in 
mind that even if we enploy a separate interfacing circuitry 
there will not be any con side rabl e improvement over the ^eed 
due to the inherently slow response speed of the plotter* 

The X-Y plotter is inherently a sluggish device due to the 
mechanical conponents that make up the driving system. 

3.6 0V.SRALL SYSTEM 

The three functional modules the driver^ the sensor and 
the memory block are assembled on a single double sided Printed 
Circuit Board (Fig, 3,4) , The memo 2 :y block can be made separate, 
but it is found that the sensor and the driver need be on the 
same board so as to avoid long connecting wires which introduce 
errors while handling low level signals. 

The I-V characteristics of a device is obtained as 
follows. If the device is a three terminal one, the voltage 
used as the parameter is kept at the desired level ani the 
other voltage is varied in descrete steps (for a two terminal 
device, however, this problem does not arise). Depending on 
the device and the characteristics being sought the sensitive 
and the less sensitive regions are recognised, and, accordingly 




Fig 3-4 Basic System Block Diagram 


i: ikUB-- ■ 
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the program applies the voltage steps. In the sensitive 
region the coarse contr>.l DAC is used. At each increment of 
the voltage, the voltage applied and the corresponding anode 
current is measured and recorded. 

The device characteristics have some critical points 

of ^ j 

which are taken care/by the program depending on the devxce code 

selected. The points corresponding to IgQ/ power etc 

for solar cells, cut-in voltage for PN Junction diodes, break- 
over voltage for SCR etc are some examples of such points. 
Appropriate actiorB are taken at such points. The end point of 
the testing ±3 somefeimeg left to the user’s discretion, which 
is e:xplained in greater detail in the chapter on testing. 

The details of testing of different devices are given 
in the next chapter. 

3.7 SOFTWARE 0RGANI2iATI0N 

The software for our system is written in the assembly 
language of 8085/A. The software was developed and assembled on 
the microcomputer development system. 

A master programming package named ’DEVICE* is pro- 
posed for testing of 2-3 terminal devices. It is aimed that 
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the package will be fully irtplemented and uj'dated periodically, 
in our assignment this package is partly inplementad/ to cover 
a few 2~terrainal and 3-terminal devices such as solar cells, 

PN Junction diodes, LSDs, Zener, SCR etc. The package is to be 
updated v^ith test routines for other devices so as to create 
a master facility. 

Our work can be treated as the foundation for the 
proposed, Conputer aided device testing facility. 

The software is implemented in highly modular fashion 
to aid in easy understanding and further modificatioi . The 
entire task is broken up into smaller sxibtasks. The basic sub- 
tasks are accortplished by some first level (in the tt®st structure) 
sxjbroutines. Various levels of nesting and the routines of 
these levels are ejQjlained in detail. The package also makes 
use of some of the inportant display routines and arithmetic 
routines that are provided by the system (workstation). These 
system routines and their functions are listed too in the 
following section. 

Level 1 

At this level, that is the innermost level we have 
the system routines and those routines which do not use any 
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other routine except the system routines. They are listed and 
e:q>lained in the following lines, 

SYST3M R O UTINaS 


Name 

function ~ ' ' 

Affected 

registers 

READ 

Reads an ASCII character from the 
keyboard and stores it in accumulator 

A 

PRINT 

Sands the ASCII character held in 
Accumulator to the screen 

None 

CRLF 

Sends the ASCII for carriage return 
and line feed to the screen 

None 

TWOSP 

Sends the ASCII for blank twice to 
the screen 

None 

BIH3X 

Sends the Hex number (XX) held in 

A to the screen 

None 

Hi;PNT 

Prints the contents of HL as 4 

Hex character and gives tv/o 
blanks on tlie screen 

None 

PNTMS 

Prints a string of characters stored 
from locations iBC } onwards until * * ' 
is encountered 

3C 


Note s The level 1 routine may require some meaningful data 
to he stored in some memory for their satisfactory working and 
they may not be totally ind^endent. Level 1 just means that 
they are at the inner most loop in a nested structure. 
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Name lection ~Af?^crtad 

Registers 

DELAY Generates a software dela^ given A^B^C 

by Delay = 7.2 jjLsec-i«-[ BC ] + 9 jasec 

MULT Multplies two unsigned binary A./3# L)E, HL 

nwnibers : lhl] = b * A 

EMULT Multiplies tvO 16 bit unsigned ALL 

binary numbers ; [dehl] = [de ]* [BC ] 

BDIV Divides a 32 bit unsigned number by ALL 

a 16 bit unsigned nxirtiber 
[hlBC] /de HL 
Reminder BC 

BTBCD Converts a 16 bit binary number held ALL 

HL to bGd and stores it in memory 
locations starting from [ds] (MSD 
first) 

BCDTB converts a 4 digit BCD stored from ALL 

location IDS J into 16 bit binary 
in HL 


HV Applies the next higher input word A 

(1/2,3) to DACl, DAG2, DAC 

respectively and stores the next 
count in the memory 

LV Applies the next lower input word A 

( 1/2/3) to DACl, DAC2, DAC3 

respectively and stores the next 
count in the memoiry 

SAMPL Applies the sanple pulse to sAl A,B,C 

amplifiers 

START Applies the start pul® to A,3,C 

ADC 

SLCT Selects tdie channels 1,2, 3, 4 of 

(1 , 2 , 3 , 4 ) 


A 
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Name 

Fianction 

A’f fected. 
Registers 

STORE 

(Sets the ADC output into HL 

HL 

AVG 

Computes the Average of four 

16 bit numbers 

A^ HL ^ B ^ C^ 

LODNG 

Stores the average counts of voltage 
and currents in consecutive location 
from an address stored at 5000 (Hex) 
and increments the addresses 

HL/ BC/ A/ 

DISP 

Displays a 4 digit BCD number on 
the screen* (XXXX) 

ALL 

DISPl 
(1^ 2 ^ 4 ) 

Displays 4 digit BCD number with a 
decimal point 

ALL 

INITN 

Initialises 8255(1) and 8255(2) with 
proper control words. Initialises 
the DAC outputs to Zero. 

A 


Programs the 825 3A counter in 

Mode 0, 


VXIl 

Conputes the product of v and I 

O C*" SO 

of solar cell 

ALL 

VXI 

Conputes the product VXI of solar 
cells 

ALL 

LMPVI 

Stores the values of V and I at max 
power (solar cells) 

A /B/C/H/L, 

VXIP 

Conputes the value of 

at each and stores 

the present highest value in the 

memory. 

ALL 

X3FP 

Conputes the efficiency of solar 
cell/solar modules 

ALL 


Confutes vYl. the charactar- 
istic resistance of solar cell 


RGH 


ALL 



Name 


Func tion 


Affected 

Registers 


RSMAX 

Computes the output impedance of 
solar cell 

ALL 

VICHT 

After the test is over if this 

ALL 


routine is calLei/it displays the 

V-I characteristics (values) in mV 



and mA respectively on the screen. 

It has no. meaning if called indepen- 
dently though it may run. 



Level . 2 


The svibroutinas at level 2 may refer to system 
routines and the routines on the level 1, They may not 
refer to the routines on level 2 or higher (all registers 
are affected). 


-LOAI 


VI4 


V3 


: obtains the values of ADC counts correspond- 
ing to anode voltage, anode current and the 
control voltage (for 3 terminal device only) • 

: ob'tains 4 samples of V and I ADC-counts and 
stores them in n»H»rY 

; obtains 4-san5iles of ADC counts corresponding 
to V3 (the control, terminal voltage) 

: obtains the slx)rt circuit current of solar cell, 
stores it and displays it on the screen. 


SHCKT 
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VOCKT ; obtains ^he open circuit voltage of solar cell 

and stores it. It displays the op aa circuit 
voltage in mV, Firstly it increments the sensitive 
DAC, DAC2 and then DAC3. At each increment the 
current is sensed and when the current becomes 
zero the routine ir exited, 

CtiSCK i This routine checks whether the initialisation 

has been done properly or not and if initializa- 
tion is not proper, the INIIN routine is repeate- 
dly call ed until the initialization is proper, 

VIMP : It stores the values of V and I counts at maocimum 

power point and di^lays them on the screen. 

Level 3 

These routines can be executed independently and 
they generally perform a ccnpleta test or a part of the test. 
These may refer to the system routines and the routines in the 
lower levels. They may print some messages and instructions 
to the user who has to follow them correctly, 

M3ASR ; It obtains 4 Values of V and I ADC coxmts and 

obtains the average values of the counts and 
displays them on the screen. This may not be 
executed independently. 
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SOLAR 


RUNN 


TEST! 


fasti 


DIODE 


: It obtains the V # I ^ and V-l characteristics 

oc sc 

of a solar cell/panel at a fixed illumination, 
(Testing details e3?plained in chapter 4), 

: After obtaining and the characteristic 

plotS/ the values of V and I are stored fron 
location 4200 Hex onwards. The values are 
displayed for user's verificat ion* 

Here at each point 4 samples are taXen and the 
average is stored. 

: It prints the values ofV^^, 

FF of solar cell/module after the test is fade 
(at a constant illumination) 

* It is similar to RUNH except that in this case 
the averaging is not carried out, 

s It gets the forward ' V-I characteristics of 

a PN Junction diodes Zener# LED etc. It 

tfi the cut-in voltage and after the cut-in 
voltage# the con tinua cion of the test is left to 
the user's discretion. 
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Level 4 

FULL 


FAST 2 

Module 

Twice 

Level 5 

MAIN 


: (Sets the full V-i characteristics of solar cell 
xirxder different illximinations. This gives a no, 
of prorrpt messages for the user and they have to 
be carefully followed. Here the voltages and 
current sairples are averaged to get accurate 
results. 

Gets the V.I characteristic of solar cell/panels 
under different illurainations. The V and I values 
are not averaged. The values are stored and the 
results are also plotted, 

: Here the option for testing * with-averaging* or 
testing ‘without averaging* is made 

: Sere the corresponding routine is selected for 
the three terminal device testing. 


: This is the main program and the following sequence 
of op erations is executed. 
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The instructions for using the system are displayed, 
upon the action of the usar, the system selects 
the program corresponding to the device code and 
carries out testing. This program is under the 
usei:*s control and can be halted in any intermediate 
point and continued further. 
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CHAPTER 4 


TESTS AND RES ULTS 


4,1 INTRODUCTION 

In this chapter the procedures for testing of 
various types of devices are explained, Itt any device chara- 
cteristics we encounter a highly sensitive and a less sensitive 
region , A more sensitive region is one in which there is a 
large change in current for a particular voltage change. For 
exanple the portion of solar cell characteristics near the 
o.-en circuit, the portion of diode or SCR characteristics 
after the cut in or break over represent the sensitive 
regions. Saturation region of BJT, PET# the portion of V— I 
characteristics near short circuit of a solar cell etc. are 
exarnples of less sensitive regions. In the sensitive region 
the DAC(2) is used and in the less sensitive region the DAC(l) 
is used. Also the semiconductor characteristics exhibit some 
points (critical) at which there, is some sudden change, for 
example, cut in voltage or breakover voltage of a diode or 
SCR, The above mentioned factors are important in arriving 
at the procedures for testing various types of devices. 


4,2 SOliAR CELL CHARACTERIZATION 


The solar cell can be regarded as an qpto—electric 
transducer. Therefore it is of ingo-rtance to study its be- 
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haviour under different illumination intensities. 

The important parameters of a solar cell are V , 
max power, filifactor, efficiency, 
parameters have to be determined under different illuminations 
or excitations. It is important to note that when a solar 
cell is enployad as an energy source (power source ) , to get 
the optimum output the solar cell should be biased at a point 
of maximum power. And this has to be computed regularly 
during the day (as the intensity of sunlight is changing) 
and the bias should be properly maintained to gat the best 
out of the installation, 

FAST : This routine gets the values of 

V , I , R ( R as high ilHumination ) , FF and efficiency 
m' m' out s ^ 

and obtains a plot of V,I, The results are displayed on the 
screen on usei^s request. The routine is generally repeated 
for different illumination intensities. To obtain the effi- 
ciency the input light energy has to be entered through the 
Ic^bpard. (in Milliwatts), 

The following sequence of operations is performed 
during the execution of the routine. 
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Step 1 

Step 2 

Step 3 

Step 4 
Step 5 

Step 6 


* the atystem. . Connect the device 

and the X-Y plotter to the terminals marked 
device and XwY respectively , 

: Increment DA.C(2) in steps and sense the current , 

: If the current = 0 or if the input to PiVC(2) =» FF 
then go to Step 6 or Step 4 resp actively, or el se 
go to step 2, 

: Increment DA.C(1) in steps and sense the current, 

: If the current = 0 or if the input to DAC(l) = Fi * 
then go to Step 5 or Step 7 respectively or else 
go to step 4, 

: Now store the initial values of DAC counts for 
further testing as follows. 

The DAC counts now registered (corresponding HVl, 
HV2) correspond to the condition. These 
counts are now stored as initial counts of DVl and 
LV2 routines. For drawing the plot and getting 
the V and I values we go from to 1^^ • 
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Ini'tially ws . decrement the iinput of DAC(2) the 
sensitive DAC to produce smaller voltage steps 
for the sensitive portion* 

Once the input corresponding to DAC (2) is 00 the 
control is transferred to DAC(l)* 


Now the DAC(l)*s input is decremented till we get 


00 , 


At each voltage variation the and I are measured 
and the product Vxl is conputed* The present value 
of Vxl is corcp ared with the previously stored 


value of Vxl product. If the present value, of 

Vxl is greater than the previous one the present 

value is stored; as Vxl (max) and eventually at the 

end we will get the (Vxl)max. Also stored are the 

V and I corresponding to the max (Vxl) product/ 
in iti 

^oc ^sc- 


R = V /l and 
CH oc' sc 

R =(V - V / I ) 

out oc mp np 

us the output irrpadence 


are conputed. gives 

of the solar cell at 


maximum power. It is verified that at high in- 
tensities ^ ^series. 
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V I 

The PP * X loo is conputed and storad. 

dc "^sc 

The input v/atts is entered through the k inboard, 

( in wa tts/cm^ ) 

Input watts » intensity/x Area of the device over 
which the light is incident (in asa^). 

and the efficiency at max. power is conputed as 

V ,l 

-iSJS — X 100 

Input ^ 

All these paraneters are displayed as shown in 
the photographs of the screen. 

The corresponding plots for different illumina- 
tions are obtained on. the graph paper. 

The V-I Values are displayed on the screen on 
usex*s command. 

The whole test can be repeated for different 
il luminat icn inten sitie s , 

The spectral response of the device can be 
studied if the required type of light excitation 
is made available. 

Step 7 ; In a situation when DAC(1> -count =* nAC(2)-count w- pp 

and yet the gain of the drive should be 
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inertia ssd and the test is started from the begin— 

If there is no provision for gain change 
exit and print the error message-, 

TZST : This routine performs the tasting in the same 

sequence as that of Fast 2 except that in this case 
of 

the 4 samples /V and I counts are obtained* -A^nd/ the 
average counts are obtained and stored, (sarrple 
results and plots are attached). 


4.3 PN -JUNCTION DI0D3 T2STING 

VJith the existing setup the PN Junction diode 
forward characteristics can be obtained, ^ 

The following is the seq[uence of steps executed 
during the test. 

1. Initialize the system. Connect device and the XY plotter* 
to the terminals marked device and X-Y, 

1 

A series resistance of the order of 50— 100 ('2 

connected to limit the current through the device (especially 

after the cut-in or breakdown point). 
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2, Start: from V « 10, I * 00, ■ 

Increment the (course) DAC{1) input from 00 and sense 
the current at each step, 

3, If the current = X (current at cut in) then go to step 4 
or else go to step 2, 

4, Now the V across the device corresponds to cut in vol- 
tage, The value of the stored and displayed, 

5, Now onwards the control will he transferred to user and 
the user decides the further action. He will have the 
options, can either terminate the process or he can 

go further by a few steps (voltage increments on the curve) « 
and again the choice is left to the user to either 
continue or to exit, 

6, On the user's decision to exit, the 3Y plotter is disconnectatd 
and then, by entering the commands (as displayed on the 
screen) the V-I values are displayed. 

The slope of the V-I curve is calculated and is displayed, 
the slope dV/dl gives an approximate value of the 
Resistance, 

Once the cutin voltage is reached the control is trans^ 
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fered from DAC(l) to r)AC(2), because from' this point 
onwards the variation of I with V is large and hence a 
fine control over the voltage becomes necessary, 

4,4 THR3S TERMINAL DSVICE TESTING 

In any three terminal device we have what are known 
the main terminals which appear in the load circuit (in 
applications) and the control terminal which is third one. This, 
rather vague classification is inportant as far as our testing 
strategies are concerned, 

Exarrples s 

Bj'j ^ the collector and the emitter are the main termi- 

nals and the base is the control terminal 

pgQ, source and the drain are the main terminals 

and the gate is the control terminal 

SCR - the anofie and tft& cathode are main terminals and 

the gate is the control terminal. 

TO obtain the anode characteristics of the devices 
(th= name of this ohsraoteristio may differ for different devices 
however) . the control terminal voltage is tept constant (para- 
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mater) and t-he variation of anode current with the variation 
of the anode voltage is studied. This test can he repeated 
for various values of control terminal voltage. 

The ni'nin channel of the drive is used to drive the 
anode circuit and the second channel is used to drive the 
control terminal, 

Tlie more sensitive and less sensitive regions and 
the critical points etc, are handlied in the same way as in 
the case of 2 terminal devices. 

The program has been tested and it has worked 
satisfactorily for SCRs, The firing characteristics are ob- 
tained for different ranges of gate voltages. 

Note that even in the testing of 3 terminal devices 
it is the normal forv;ard characteristics which is being obtainesd 
and not reverse characteristics. 











Flowchart -10 SCR 
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CHAPTER 5 ,, 


CONCLUSIONS 


5.1 OVERALL SYSTEM EVALUATION AND SUGGESTIONS FOR IMPROVE- 
MENTS 

A microcomouter based system has been developed 
for testing of semiconductor devices . It is intended to be the 
first step towards setting up of a corrputer aided device 
testing and characterization facility.. 

It has been possible with the present system to 
obtain static characteristics (with dc excitation) of various 
devices. With some additional software and hardware it 
should be possible for one to study the device's response to 
various forms of excitations# such as squarewave# triangular 
wave etc.# which may be relewint. These waveforms can be 
easily generated with the nelp of the programmable timer and 
some additional wave shaping circuitry. In this kind of 
testing the ^aed of the system becomes a critical factor. 

The data converter circuits# buffers and other amplifiers used 
in such a set up must be fast enough to get any meaningfol 


result 
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In future implementations it is advised that faster 
and higher resolution DACs and ADC be used. Also the nece- 
ssary waveform generating circuitry and the associated buffer 
circuits should be added to the present setup. 

5,2 PROPOS2D SCHJM3 FOR COMPUTER AIDED DEVICE TESTING 
FACILITY 

Generalised methods for testing various semiconductor 
devices have been given in the forrm of flowcharts. The faci- 
lity may be extended to test other devices which are presently 
not handled, by developing the necessary algorithm. 

The programming would have been easier to develop 
and debug if the system were to support higher level languages. 
In a few years this may become more easily available on the 
micro— computer systems* A program developed in a higher 
level language will be portable, v/he reap the program 
written in an assembly language is not, since the assembly 
language is machine -dependent. 

In future inplem antations it will be highly advis- 
ible to go for data acquisition modules which incorporate 
ADC, KIM, S/H ahd DAG etc. in one single chip. This helps 
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in iitproving the overall performance. The interfacing 
becomes sinpler and elegant. The current buffers and current 
to voltage converters will have to be used to buffer the 
sub-system. 

The device testing and characterization facility 
must include a floppy drive or cassette drive/ a printer 
and graphic terminal interfaced to the system to mabe it a 
complete system (Pig, 5.1), Finally, it must be recognised 
that a system such as the one proposed should be made 
user friendly by incorporating extensive user interactive 


features. 




Fig 5-t Computer Aided device testing facitity 
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APPSi^DIX A 


It is often felt that for a system such as ours 
som^ docant-‘ntation on handling and maintainence will be of 
gr .’at utility and importance. It is also important to 
provide some information on testing and calibration of 
individual functional modules. A brief writs up on these 
topics is presented in the following few pages. 




It is iiwportant to note that for satisfactory 
working of the system, the system be installed in a aircondi- 
tioned room or laboratory. We need a + 12 V d.c. dual power 
supply. 


■L'hr lollov/ing s er u mce of operation should be 
follow 'd strictly to ensure proper results. 


X. Switch on the microcomputer and the power supply to the 
syatom simultsniously. Also oomisot ths X-Y rocorder 
to th^ t.-TOlnals morkrf X-Y plotter and switch it on 
(soft note on X—Y plotter). 


2. The system responds with a mossd«o 'Yorminal Keady Monitor 
version X Y-. How sntsr ths following command through tha 
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keyboard, 

GO SQOO 

*;»»«* . «•* iwii»iw»i m iiiiiwiif rt 

3. Cm ti)a execution of the above the system displays some 
messages regarding the system and instructions for the 
user. The system is then initialised. 

4. The system now asks the user to select the device and 
the rartc|e through the keyboard by entering the device 
coda. The format should be followed strictly, other- 
wise/ the system will respond with a message 'illegal 
entry, try again* rand the needed information is to be 
provided, 

5, Once the device is selected/ the execution junps to the 
coi r ^spending routine. Follow the instruction's displayed 
on the screen and enter the required data according to 
the sp acified format only. The device is connected after 
the system gives the appropriate message, 

6, The process of testing is fully tonder the usei's control 
and can be halted by pressing ^ S (control S) and can be 
continued by pressing Q (control fl) • The system can 
be reset by control C ('^C), Note that the execution 
cannot be tracad backwards but can only be halted and 
procaedod. 
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6, Tha X~Y racordar is switched off after the plot is 
obtained, 

7 . The results ere displayed on user's request on the 
screen. On completion of the test disconnect the device, 
switch off the 3Cf plotter, power supply and the micro- 
corn <ut .*r. 

Testing of Individua l Jf^unct M odifies 

Testing oi Driver Circuit 

The driver circuit consists of DACs, current buffers, 
volt iCjc followers. Hence the testing of driver circuit is 
essentially testing of DA-g # current buffers and the voltage 
followers* 

A small program is executed to generate Sawtooth 
and staircttsti waveforms over the complete range of the m.c. 

The voltages are chacJeid at the output of the DAC, voltage follow- 
ers and at the output of the buffers. The offsets and errors, 
if any, arc detected and the corrections necessary are made. 

Once tiia offsets are nulled, the setup is not disturbed until 
furth.T tasting and calibration. 

The calibration process of the driver is basically 
The input to the DAC is changed from 00 to FP 


that of a DAC 
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and at each incrament the outputs of DAC, voltage follower 
and that of the buffer are adjusted to the correct value. 

The DAC gain is adjusted by trinuning the reference input 
currant. The outputs are measured by a precision digital 
voltmote'r. 

Testing of the Sensor Circuit : 

Th > sensor circuit consists of ADC, MUX, s/H and 
the current to voltage converter. 

The testing and calibration of the sensor circuit 
consists of applying known signals (reference currents) and 
checking for the outputs of the above said conponents and the 
output of f-OCm Once the offset of ADC, MUX, sAi are all 
null )d tn ! s .-tup is not disturbed. Now the ADC is calibrated 
by trlnining the gain (control pots) of the ADC reference 
circuit. 

The calibration of the sensor and the driver can 
be verified together by connecting the output of the DAC to 
the ineut of S/H and then checJdng the corresponding output 
of the ADC. 
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MDS 


the 

The first step in/development of assembly language 
software is the definition of the problem. Once the problem 
is defined completely, flow charts are drawn to make the job 
of coding easier. Once the flow charts are drawn the coding 
is carried out. The program (s) is than assembled and the 
£pROM is programmed with the object code. 


Wiien tlie program length grows larger it is always 
advisntol •» to go for iiubroutlnes/ Micros etc to ease the 
task of program development. It becomes extremely difficult 
to hand-aasombl';* the programs, which are long and hence the 
assembly is generally performed by a program known as assembler. 

The assembly language program is entered and stored 
in the nv'iin memory of the MDS (or on floppy disk). Then 
the asscmLlcr proiyram is invoiced. The object code is now 
generated and may be stored on the floppy disk or the main 

memory. 

Our MOS supports facility to develop software on 

T ^ 1*0 77 PAS GAL* PL/M and 

higher level languages like //, - # 

X Ortoc nnnfi P^tc It has a main memory and 
assembly language of 8085| 8086 etc. 
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a secondary storage in the form of flexible disk on which 
our programa and the genarated codes etc. are stored. The 
system programs are stored on a separate write-protected 
flexible disk* 

The MDS 8up.>orts 2PR0M prograjmming facility and a 
lin-; printer besides the Xncircuit-emulator, The sproms can 
be progr .rmti xl .m«J verified by the EPROM programming rcutine. 
It ulao p irmits selective prograitKning and overlay The 
EPdOM'j ‘;hould bo fully erased by UV ej<posura. We have the 
necessary eg:utpm3nt for the same in the MDS laboratory. 


APPENDIX B 


Pinout diagram of some I.Cs used in the system are 
given in this section. 

The block diagrams and pin-«connections of 8255/A# 
8253, and 2732 a obtained from the Intel's manual are 
reproduced here for quick reference. 
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8255A/8255A-5 

PROGRAMMABLE PERIPHERAL INTERFACE 


• MCS-85^“ Compatible 8255A-5 

a 24 Programmable I/O Pins 

a Completely TTL Compatible 

a Fully Compatible with Intel® Micro- 
processor Families 

a Improved Timing Characteristics 


■ Direct Bit Set/Reset Capability Easini 
Control Application interface 

■ 40-Pin Dual In-Line Package 

■ Reduces System Package Count 
m improved DC Driving Capability 


Tfie 8256A is a general purpose programmabie I/O device desigried for use with Intel® microprocessors. It 
24 )/0 pins which may be individually programmed in 2 groups of 12 and used In 3 major modes of operation. In the fir 
mode (MODE 0), each group of 12 I/O pins may be programmed in sets of 4 to be lf>put or output. In MODE 1, the secoc 
mode, each group may be programmed to have 8 lines of input or output. Of the remaining 4 pins, 3 are used for han 
shaking and interrupt control signals. The third mode of operation (MODE 2) Is a bidirectional bus mode which uses 
lines for a bidirectional bus, and 5 lines, borrowing one from the other group, for handshaking. , 
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8253/8253-5 

PROGRAMMABLE INTERVAL TIMER 


■ MCS-85^" Compatible 8253-5 

u 3 independent 18-Bit Counters 

■ OC to 2 MHz 

■ Programmable Counter Modes 


Count Binary or BCD 


■ single -r- 5V Supply 


■ 24-Pln Dual In-Line Package 


The Intel* 3253 la a programmable counter/timer chip designed for use as an Intel microcomputer peripheral. It uses 
nMOS technology with a single <-5V supply and is packaged in a 24-pin plastic DIP. 

It is organized as 3 Independent 16-blt counters, each with a count rate of up to 2 MHz. All nfiodes of operation are soft- 
wire programmable. 
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MODE 0: Interrupt on Tormliuii Count 

CLOCK JTiJUTJxrjjrijrij^^ 
Wff ri *** 1 


oum/r (iNTiMurr) 

m 

OAT8* 

oumnr <i«Ti««urT) 


(«• 4} 


4 3 2 1 

JL 


ft 4 


iiwftr 


3 2 1 

-J 


A ft 

A^'ft-m 


MODE 1: Progremmablo On*-8hot 

CLOCK jiJTJiJxnjTJiJiJxrin^ 

iW""T I 

TftKWIft ... . '--n 

Oifmrr 


(«-4) 


4 3 2 1 0 

T r 


TftJOOIft^ 

OUTHIT 


4 3 2 4 3 2 1 0 


MODI 2: flat# Qanarator 



01 1‘ 

OUTPUT <0 - 3) f 


Reset 


MODE 3: Square Weee Generator j 

' JTJXfinrUTJTJXTLrUT^^ 

* t * » * t * » * i * i 4 i 


OUTPUT (n« 5) 



MODE 4: Software Trto^rad Stre^ 

CLOCK 


m 

OUTPUT 


4 3 2 1 8 


LOAD n ? 4 r 

GATE 

OUTPUT — — — 


4 3 2 1 8 




MODES: Hardware Triggered Strobe j 

CLOCK jxrinjririnnjTrLruT^^ 


GATE 
OUTPUT (ft -4) 


GATE 
OUTPUT (ft - 41 


S 


4 3 3 10 


"LJ" 


4 3 4 3 2 1 0 


Figure 7. S2S3 Timing DIegreme 



iny 


2732A 

32K {4K X 8) UV ERASABLE PROM 

■ 200n8 (2732A-2) Maximum Access ■ Pin Compatible to 2764 EPROM 

Time . . . HMOS*-E Technology 

■ Compatible to High Speed 8mHz * Industry Standard Pinout . . . JEOEI 

8086-2 MPU . . .Zero WAIT State Approved 

■ Two Line Control ■ Low Standby Current . . . 3SmA Mai 


The Intel 2732A Is a 5V only, 32,768 bit ultraviolet erasable and electrically programmable read-only memory (EPRC 
15 pin compatible to Intel's 450ns 2732. The standard 2732A’s access time Is 250ns with speed selection (275 
available at 200ns. The access time is compatible to high performance microprocessors, such as the 8mHz 808( 
these systems, the 2732A allows the microprocessor to operate without the addition of WAIT states. 

An important 2732A feature Is the separate output control. Output Enable (OE), from the Chip Enable control (51). T^ 
control eliminates bus contention In multiple bus microprocessor systems. Intel’s Application Note AR-72 describe 
microprocessor system Implementation of the 6S and 51 controls on Intel’s EPROMs. AP-72 is available from If 
Literature Department. 

The 2732A has a standby mode which reduces the power dissipation without Increasing access time. The maxis 
active current is 150mA, while the maximum standby current is only 35mA, a 75®/o saving. The standby mode Is ach) 
by applying a TTL-hIgh signal to the 61 Input. . 

The 2732A Is fabricated with HMOS*-E technology, Intel’s high speed N-channel MOS Silicon Gate Technology. 
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PIN CONFIGURATION 
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"HMOS is a patented process o* Intel Corporation. 
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